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(54) OPTICAL AMPLIFIER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
amplifier the output intensity of which per signal light 
wave can be controlled constantly even when the 
amplifier collectively optically amplifies multi-wavelength 
signal light rays and, in addition, the gain of which can be 
changed. 

SOLUTION: A multiplying section 160 inputs an input 
intensity monitor signal outputted from the photodiode 
132 of an input intensity monitoring section 130 and a 
gain setting signal which sets the gain of signal light in 
an optical amplification medium and outputs a reference 
input signal which is the product of the input intensity 
monitor signal and gain setting signal. An exciting 
intensity control section 170 inputs the reference input 
signal outputted from the multiplying section 160 and an 
output intensity monitor signal outputted from the 
photodiode 142 of an output intensity monitor section 
140 and controls the exciting light supplied to the 
medium 110 from an exciting light source 120 based on 
the difference between the reference input signal and output intensity monitor signal. 
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mwu i6oit A^gssstssp 1 3 0 

^^^f- b*V;?h- Ki 3 2^bUJ**ixfcAA3»« j e= 
^-r^fUt#S3:^f-^<fr^A^b. A^&S^-*<f#<>: 

jB3**«w» 1 7 0 6 0}&»e>m**ixfcai 

JpA*«*£. ittA»S6ffi«iS14 0O7th^t- 
Kl 4 2^e>U3**^fcB*3fiffi^=^«*i:*AA 
l> S2pA*«-^<ta*a£t^=^«-^t^tcS^v^ 
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umm 1 1 m&ytt>wte2tix^zb # ka^ 
m ura^a , 

JE1-*fy#RJ£«#i: £rA^ U ifflEAASftS-t^ff 

WE*«W^e>fflA**LfeflffEK*A*«#^, HuEdh 
*3Sl£ffi»a&a> fe ffi^ § Jxfc«rEtti*3*#=E- = * ft # £ 
£A^U S(rES*A*«-^^8trEtH*3*S^ = ^«# 
to3ltcS<5v>T, MTEBiBftlK^&MEftllKKff^ 

«^s^smEafi5fco^ff*»j«9i-sjafi3a«Mffli« 

[»*3S2 ] Bfi*36««J&*ix-CV^4:#»cA*Lfc 

fflE*«MBfflE*JcffljEjajB**«»i- SlBfi3fc«i: , 
WfE3tlf*l)IC*(J:A/3-rsWE«#*<oMl**r*a U 

litrE A*3*ft£tfl9M> Hi* £ *tfcllMEA*S*«*~* 
WrEJfcJtWlKff^ttSASEJt*****:^! 
mASEt^ffi^l, flflEA^3Sff-=e = ^ 
fg -^ituEA S EK3t«#tiofp-CfcSail|[«-»*rBU* 

IWE»»«*»bHi***tfcWElD»fS*4:, mlEftif*! 

£*A*U «TE*D»«#i:lttE*J»K£«#t 0«"C 
«>6»*A*«*«:U*-f6»»«i, 
IWE*JWB*»bffl**Jxfc«EaSJPA/i«*i:. MEtH 

^ssftEftft^&UiAsnfcfflrEaAaia^^^ft-B-fc 

ir^KS^T* S»E®je5t«^e>«fE*JSB«SE*^ 

*« * * r £ * #« £ i" S 
[0 0 0 1 ] 
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[0 0 0 2] 

^^T^i^tC^p^ixfcTt^r^^^ (EDF: Erbium-D 
oped Fiber) dS»H^v>e>ix6. *1t, m j %%<OWL& 
10 t LtSf 1 . 5 5 Azm#UB^b*K ffi&yt<D&Mt L 
Ti&SO. 9 8 m^fcfi 1 . 4 8nm^ffi^?)Wo 

fTfrti/O^o -(Dct p&SJfflJSrHWJ— ^SJffli (AP 
c: Automatic Power Control )<t^5 0 

[0003] H3H mi wa*atif*c«a)i6«Mi»<D 

l 0*cBiB*iR3 2 0 3&*e>Bfi**rfit«eu A^Lfcfs 
^ft£ftifii>§^#3 1 0(CjoVNT3t*i*IUT|iJ^-r-5o 
%Jff«jKfl: 3 1 0 (D A^ttlfcRtt t>tltt*77 3 3 1fc 
£Tfi7* h^t- K3 3 2(d«t «9, JtttBg^A^l-r 
SfS#3t^3SftSrfiiajL, *ra>3fifffOC £fcA*3£^e 

-fm^&ttijj-rzo roA^ssa^E- %m 

^A^i-6ff^to^gco^^^^^^tbn^> 0 

3 1 0Offl^«J^K*t^^*^ 3 4 
50 l&cfctf:?;*- Y¥<<it— K3 4 2fC«fc9, b 

[0004] ^fc, aesiff»jffl»W3 7oc<t^ mtj 

fa £ A^jff ^ 4: *>;M\fcb«# ftStt 

mmft3 i otc«iesnsajB3t:<z>3S«* s «H»*ix5o 
40 out £ u 3t*t*»^e>aa***ts«#*^>aai:a* 

iU S^A^ff^^VB^i-5^:, Be3feS»J»a3 
7 0(cJ: 19 N 

VB=Pout XKout 
Pout = VB/Kout 

50 i-, 3tiiiH*^btBAd*t5#«*«#3ft0^a«P 
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out ^-ttfcaot, {f**i«a^9wa*5*Sfi 

So 

[0 0 0 5] B4tt, »2<oa*ftflf^«S3te*t««0 

it^-t<Dit (3tA*»«aMft«») £Kin£-T£<^ £ 
flSA;*Kt#VB tt, 

V8=PinXKin 
out f"±„ 

Pout = Pin XKin/Kout 

dr^^tL5o Lri>U r.CO#^COflJ^(i, Kin/Kout 

[0 0 0 6] 

*l^tt*ttflf^«-5**t«* (El 3) -eti. ttS^-^ 

[0 0 0 7] *5S^«, ±EBBJHjK«:tf»i-S»fc*S 
[0 0 0 8] 

BSli, (D ja«*^«*Stt'Cv>5 4:#|c:A*L^« 
Ura*-T5*it««IE#i, (2) JKftNMt 
<*^BjB*Sr«t«i-SJfttt5t*i:, (3) ftJiBMEfttcA 
*-ra«**^»ft**ttlU *<a»«ta££fcA;b3£ 
flC^e=#fl|*«ra*i-8A*3Mi:Ra»4:. (4) 40 

fc, (5) A^aiiMWtt^bUJ^SixfcA^lMC*^^ 
A* U A*Mtf 

{i^<t^ar-fc5s*A*ff#*ffi^-rs»3iaji:, 
(6) *««^e>a*snfc*iitAA(s#i:, m^ssae 
a»^6aa*sttfca*si«^^^«*i*AAu x 
flSA^w-^ta^as^-^w-s-ir^a^s-^v^, a 
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[0 0 0 9] ^co^i (D3tif fflStt^TO J: b 
Z>o 3t*tffi«tcA**rs«**^»S*Pin<b U ftif 
ffiSl-A^-rsff-g-ft^Slg ^ A*J&g^-~ <o 
It (3tA*»««««») £Kin£-rs o *«fl«a>b 

^SA*SSft^-=^«-S-fiPinXKin-efet)x a*3fiS 

KttifB^bfflAstLsaAas^^wwiPout xk 
out -c*>9, 3=7^ 6 o^e>a*sn6X2pA 

M^PinXKinXKG T*fc6 0 It, ®fi3*ff*lj 

7 0[c«fc«9, ffl/3»«* = ^«*i:S!|SA*(S* 
jB3fe«i 2 0*»6*Jt«tt;#l l Olcfltt&SftSBfi* 

^»ft#«iBS*L5. ifc^ot, baas 

tbSfS Pout fl> 
Pout = Pin X Kin X Ka/Kout 

[ooio] *&9ii£9k&9S2<Dytmmi£ft* d) 

^^^^nrVN^^^^A^Lfcif^^^it^LT 
(2) 3t*t««ff»-fflfi3t«r«l& 
i-*Bfift«i:* (3) *«t*B«t*fcA*i-6«**©S!l 
SSrfcau «toga«tc/Ci:^A*»S^ = ^{S-§-Sra 
^t^A^M^^:, (4) a* £ ft 

=^«**a*-rsa*»KEa«i:, (5) a*»*e 
asp^bta^stL^A^ft^e^^fs-?-^, Tfe^i^ 

A^lSSfl^- AS Etg^fS^-^eofD 
tffc5*P»«#*ai*-rS*D»9lSi:. (6) MWUfrbm 
ft S ftfcjp £ , ***«Eff^i3 5« U# 
Sr»S-*-S*iJ»K*fi-»i:fcA*L. AlJIflr ^ fc «H»R 
S«*^oar*fcSS*A*ft-§-S:ffl*-r5S»«FBi:, 
(7) *»SfB^&fflA**i^S»AA«#i:, a*3S£K 
a«*»bHl*S<xfca*Sjl«^=^«#i:«rAAU X 

mA^m^^tB^g^s^^^ff-^^oM^s^^-c, lb 

[001 1 ] ©36i«*»ttaT<0 «t 5 icf^ffl-T 

5 0 3tit"HS§t-A^i-Sff^5t^^S^rPini: U 

a*$ns«#*^3SgsrPout <b 3t*tffis^e>a 

-^-^Kg t U ASEK^f-^-^rKASE (t-r^o 

A^SSS^e— ^ft-§-ttPinXKin-c&!9 % HJ^SfiS 
■^F-^fS -^-UPout XKout r*fe^ 0 ^/c. ^Pg^|52 5 
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5 

0^e>tBA*tL5*P|f«-©-HPinXKin+KASE X&> 

!9. *^as2 6 ofrbrnttztizmmAjjiB^te (Pin 

XKin + KASE ) XKG T'fcSo ttt, fSb&f£gfltffl 

*ja2 2 o^e>**i«fflfls2 1 oKWf&stLSftfi**) 

5ffi#*03Sff Pout ft 

Pout = (Pi n X Kin + KASE) X Ko/Kout 

[0 0 12] 

[J8W©jllt^»*] J^T> «Sf*HDB*r#BBLT*«W 

[0013] (» i <o*J6jg|B) jfei\ #3BWfc«*# 
l©*Jli»»cov^rttW-t-5. lilt jR 

ioiijis»ts«i:«53t*«*<ofliaia-e*)ao 

flHc«S#*MB»lt *ifli«E*l l 0. JibjBttHl 2 

0 , A^&ffiKffiSB 13 0, ffl*3*«KW« 140, i 20 

%n i 6 o^«tt/fflfi»ft»j»a 170 «:«x.t«j#* 
[0014] noft H>fijtea*«*&£;h/c 

0J;tft ft±g7C*-C*>5Er (ji/Uhr^A) 7C 
i/5^7M:a^f:)t77^^ (EDF: Erbium 
-Doped Fiber) rtWiSf-^H^^o fg-§-*^JS 

ItiSSO. 98^m*fclil. 4 8Mm^fflV^tl 

So **3, ©Eft ft WDM*^7^Ltftii(g!|ft: 30 

1 1 0fC{fef££;ft,6 o 

[0015] m&ytm 12011 ytmnamt* noca 
mmmui 1 o\^^mm^^>. ytmmmtti 1 ok 

1 1 0Jcflfe|&SixsjftjBft<o3*«^tk#i-5 o 

[0016] At>&mm.mM nod ytmmmtb 1 1 

0 (DAMmcnZtf btitixy? 1 3 1*5J:^7^ h^-Y 
t-Kl3 2^ii^Tt#^c^ti5o 13 1ft * 

ifMSKA* Lfc«**©*tt#fc**t«*# 110- 40 

ft ^7^71 3 ifw±0»tt*ixfcfS#*«>»««r«iai 
U *©M«^JCi:fcA*»«*=-^«#«rtB*i-S 0 

[0017] ttij?5*ttBtttt 1 4 o ft ytmmm& 1 1 

OWttS^fiDi^Kft^^c*^^ 1 4 l*5«tt^7^ 

t-Ku 2£{i^T«j#£ti5 e > ft^y l 4 nt ft 
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-Kl 4 2 It *>r7v 1 4 1 \^±*)'AWi&ft,tz.m^%<D 

[0018] IfeggR 1 6 0 ft A*3SS£fcfflS 1 3 0 <D 
7* by^*— Kl 3 2^btU*^tb^:A^3Sg^^^ 

m-^, **i«jSE«ci i o^&rtzm^Koiw&zwtfe 

SSft»J»S» 1 7 0 ft 1 6 0 ti*b * ^fc^H 

afiftSIU 2 0^fe**«aE»l 1 OdftttSJxSAfi 

[0 0 19] ^rT\ 3tiffiS^A*"rSft-§-3fe05affi 
^rPintU *l#««fiiA*i-5«#*^a«i:A*5fi 

5 e 3fe*t«»^e>ffl**ixS«#*os**«:Pout £ 

5 0 *fc. W»K«ft»S:K8 ^-r^>o rco<^. A^J 

■S-fiPout XKout T-fctK *fc, 6 Ojft^ttS 

^^tV5S^A^/it^-fiPin XKin xkg t$?5 0 
[0 0 2 0] tit, JffljBSfiftMffn 1 7 OKJ; 0, as 

Pin X Kin X Kg = Pout X Kout 

tft5J;5(c, fijjHftflU 2 0tf>e>3teif««£fti i OK 

«»^e>UA**ts«#*«)3i«Pout ft 

Pout = Pin XKin X KG /Kout 

£*S*X5o r<7)5tti*S^COflJ#fi, KinXKG/Kout 

Tfc «9 , ^n^&jaiB3iiftffi«ifl 1 7 o fc^-x. e>n^fu 

Kg ^a^JEI-Sr <t^«t fJ^H^Tffi-CfcSo 

[0021] **3. *u#hs^{§-^kg nri-v ym^-x- 

SWSFP1 6 0*5j:T/iae3*«*JIBai 7 

S£fcf*D/A£8^asKf* b^So f«»K^«#K« 
^^^Mf-^x^S4i^fcft SUfciSftbtt/d-^^^ 

[0022] (m2(Dmmmm) 

2 <Oj«fi«l»^oV^rttW-*-6 0 0 2 ft » 
2OjBt»«*c«53tWB»0!>*fiKiat?*5o 
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ffiK«*3t*i«si±. ytmmmt2 1 o, afi*S2 2 

0 , A*36fiKmSP 2 3 0, m^^SKffiffl 2 4 0, AO 
^£|5 2 5 0, 3l®£f5 2 6 0 ^tfAjSMAfflftflS 2 7 0 
£ffi;iT«*££ftSo 

[0 0 2 3] *jB6*«BK:*5tt 5%HI«jKff2 l 0, m 
j83t«2 2 0. A*5SSE««FB2 3 0*5* tfffl*5a*K 

won* t m&<D t©-c«)5. 

[0 0 2 4] ^JD^a 2 5 0 tt, A*3agKffiffl 2 3 0 CO 
7 it W^*— K2 3 2^?>m**lx*:A*a*- : t=-^ 70 

Rjr*-*ASERJ£«#£«:A*U A*3afl^e=*fll 
-*§-<t A S ERj^ff o»T*>**DjWt #«rffl*i-S. 

mwu2 6 oti, *d*sj2 5 ofrbmt) £titzi)unm-% 
ytmmm&2 1 o£:fctt5«#3fto*j»*R£i-<5 

ni«A2 7 Of*. f£H£l$2 6 0d>?>ttl^*tt^:Sl|SA* 
Htfj3*SR»«2 4 0^)7t K2 4 

2*>e>ffl*SftfcttiAM«*=#«#£*AAU 20 
A^ff^^tB^^S^-^<f^^^tcS<3^T N ^jg 
jt»2 2 0^e>3t*t«jKfr 2 l OtcflWeSftSfijeftG) 

[0025] litest- A*i-s«^-3to** 

S D Jfcli«*^e>daXl*ix5fB*3ft«>3S«*:Pout £ 

s e pj»k£«»*ko a, ASE^at^ jo 

Kase <t-fS 0 ^coi:#, AASSft^^W #ttP i n x 

S Q »DJ|C«2 5 b*»e>tB**ix-B*Dj|[«*ttPiii 

XKin + KASE T*^"9> mn%$2 6 O^bW^StbSS 

2pA^ff-§-fi (Pin XKin+KASE ) XKG"C£>So 

[0 0 2 6] ^U, S&S3*ffi9J»ffl 2 7 Old J; 9, ffl 
^S-^-^ff-^ S^A^ff -g- £ o*/J^tti6« ft * ft 
"t\ W#a*«L<ft5J:5U:, f ft 

(PinXKin4-KASE)XKG = PoutXKout 

i:45ct5l^ ®je»aS2 2 0 rt^ftif tljgffc 2 1 0l£ 40 
tt«*ftSJBi8*oai«^IWllP*ft5. rftJ:«9, #*■ 

«s^p>a^sft5fs^-3t^aiSPout i*. 

Pout = (Pin X Kin +KASE) X Kc/Kout 

= Pin X Ki n X Kc/Kout + KASE X Ko/Kout 

«««>*j»tt. ^SFP^<b®e»a»j»gu2 7 otc:^x.b 
at, ^su^e>iaesa*ijffljgi5 2 7 oc^^sas 

ER^I-^Kase Sr*3Ei-^r.i^«t OKSEpTtt-C* 50 
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* i aunt v (oftx&mz-mizfflffl'rz) z t *-e* 

So 

[0027] mi o^U6»ffijc«s3t*i*i«-e«, 
Sft^-ft^fig^SA s E^ft£#jrrs w t ft < ^ 

^»ASEit*ciftbtit, *«Mi*^e>m* 

Mt5AS E«IW3tSr#«;Lfe±-efi«#SrKSi-5^ 

[0 0 2 8] ft*3, mmiZfeim^-KG *5j;t>*AS ER£ 

fv?^;HmfcottJ;^ e £D}S£($ 2 5 0 , S 

S^2 6 0^J:{/lgMaM2 7 O^^mf), T 

*fcr±D/ASE*»3ftS|9!W&ft5 0 *iJ»KS«-8-Ka ft 
XTfAS ER^ft#KASE ^ft^ft^^v^^/Wf-^T'fe 
5 SJKRtt&ftfc^'f ^nny f> u^-^d 

J: >9 *lt««^flJ#K«fflr #Ke fciO'AS ERjgfl » 
Kase ttiftlSr^tS^t^ff -5©t% *tf««<0 
W»*5«tt/ASE«IWMe:aftflf*r**tcR^-r5r. <t^T* 

#so 

[0 0 2 9] 

*^«»*ft5aifi««>3S*«r»J»-rs. r«DJ:5W 
ft**a»R**#o«*«3Ei-a r t tc: J: 19 ^sE^T 

fes 0 ^/c, &mAm^yt*-teytmm^zm&izi>m 

So 

[0 0 3 0] £fc, *»W^«5tB2 0*it«»cJ:ft 
^, ^itBjKffl-feJtSASElitfJtaftSrRS-rSA 
S E R^fs * t Ati&m^ - ^ ff-g- ^ ^jfafcf U»RSflS 
-^^^CfctO^S^A^^f^-^ L, ^^S*A^<f-^ 

ft*«««*^flb»SftSlBfi3toMl«*r«M»-rs a 

b*x.bft*fiJ»R*«*o«[SraC3Ers r <h <t !9 

HRrfiB-efcSo ASE*t*Jttt, ^«*»e>#*.e>ft 

S A S ER^ff #0«SriK3Ei-6 r <!r J: *9 ^JE^ItgT 

So 
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5. 

[1112] &2<nmMtem\z.&z>%m®kmv>mf$m-e*> 

[HI 3 ] m 1 «3«*SflftctR*3ttJt«»«)»«H-e*> 

So 
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1 2 0-ifi*i 
^7^7, 132- 



1 1 0 ---%Jf«K* 

i 3 i 

K, 1 4 0-tttfj3S£E«fflk 14 1 

ftfHttPA, 2 10-*««I*, 2 2 0- 

h^^-K, 2 4 0-ffl*S(SR»», 
7, 2 4 2-7th^^-F\ 2 5 0- 
0-fRH», 2 7 0 



. 1 3 

io^y > 14 2 
l 7 0— JSUStt 
■■■BbiBjtWx 2 
2 3 2 
2 4 1 ■ 

2 6 
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[19 2] 
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[HI3] 




(9) 
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331 

1 



Pin 



[14] 

310 



341 



PD 



— 332 



1 



320 



Pout 



PD 



1 



370 



342 



[filUB] ¥fifcl l¥9fl 1 6 B (1 9 9 9. 9. 1 
6) 

[3MJMS3E 1 1 

fl9IEitJStijKff l-AAi-SSfrlSft -S§-fttf>3£g£teffl u 

^■t-SASE^^jf^-irSrA^L, flfEA^/SSS^^^ 
(I# <t SfrfE A S E m&a ^ k OfaX'tb stimn^* tax 
■tZMWUk, 

ffimmnm^btiifiZhfcwimtommWk. mriEjtJ#*g 



9$ 
0 0 0 9 



*A^L, mmmmA^m^knt!tita^^=-^m^ 

k. 

[ftiI2] 

[ttiE^JSS^l 0 0 0 8 

iffijEjrm] mm 

[flIIE3] 

imiEMmmn^) 0010 

[0 0 10] 

[aIS&«?*-t-S/c:*ro^®] *mwtzi%z>ft,mm%s 

14, (1) EbSgJt^^$tLT^5i:^{cA^Lfc{f^-Jt 
£fti#*ILTH3;^5#lf^#,t, (2) fttf *I/£{*t- 
liig^^^-fSSftSe^illt. (3) jt^l^icA^t- 
Ztm^-ftmm&ftiBl U -t<D&Jf CfcA;ft3*S* 
-^W^-^ffl^-rSA^SSS^mSRi:. (4) ft*ftlg£# 
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(10) 



2000-68572 



(5) AttmmmfrbftxztLtcAMm^-fia^ 

SE^^f^ir^rA^L, AJdfe&^^fin A S E 

(6) mnm-hmxzfttimmt^t, ^tmmmm^ 

(7) mm^^^^^cs^A^if 

-S§-££A^U ^A^){f^<h:m^^S^^^{f-^<t^ 

[»jQE*Mfe*B*] 00 11 
[*jE|*I^] 

[001 1] rco3t*tfi«ttWToj;5^^-rs 0 ft 

*i5f&-J!rfta>3fiff & Pout ^ U e>m* Six 

^Koutchi-^> 0 spj»RS«#«rKo 
i:U ASE^^{f-^^KASE^-r^ 0 r^<h A^J 
5SS^-=^f§#fiPinXKinT*feO, Uj^safi^-^fi 

^-tePout xKout-efcs,, *D*as^e>ta^Six5 

^D^f-^ilPin X Kin + KASE-CfcU , **«^bffl* 
$tL5S2PA^{f-§-fi (PinXKin+KASE) XKgT^ 



3o tit, Bfi9UeHPMAKc:J:0. fcH^aSfl^e^ft 

^£:ft£{f-^7fctf>^Poutfi, 

Pout = (Pin XKin+KASE) XKG/Kout 

[3^*&jE6] 

[ffijE*t*«B£] 0 0 2 9 

[fWtt7] 
[ttjEttft*»«] OHM* 
IttiE*rft3Si*] 0 0 3 0 
[ffijE*&] §EH 

[0 0 3 0] 

<5 A S E WtMt^ t A*)im*r~? ft * £ (7)?PtcfiJ^ 
<bit3 A S ER^ff -^-(Dft^^M-r 5 r * \c X 9 ^JE^I 
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